This review aims to determine whether platelet-rich plasma (PRP) has any role in improving clinical outcomes in patients with symptomatic greater trochanteric pain syndrome (GTPS). A search of NICE healthcare database advanced search (HDAS) via Athens (PubMed, MEDLINE, CINAHL, EMBASE and AMED databases) was conducted from their year of inception to April 2018 with the keywords: 'greater trochanteric pain syndrome' or 'GTPS' or 'gluteus medius' or 'trochanteric bursitis' and 'platelet rich plasma' (PRP). A quality assessment was performed using the JADAD score for RCTs and MINORS for non-RCT studies. Five full-text articles were included for analysis consisting of three RCTs and two case series. We also identified four additional studies from published conference abstracts (one RCT and three case series). The mean age in 209 patients was 58.4 years (range 48-76.2 years). The majority of patients were females and the minimum duration of symptoms was three months. Diagnosis was made using ultrasound or MRI. Included studies used a variety of outcome measures. Improvement was observed during the first 3 months after injection. Significant improvement was also noted when patients were followed up till 12 months post treatment. PRP seems a viable alternative injectable option for GTPS refractory to conservative measures. The current literature has revealed that PRP is relatively safe and can be effective. Considering the limitations in these studies, more large-sample and highquality randomized clinical trials are required in the future to provide further evidence of the efficacy for PRP as a treatment in GTPS.
INTRODUCTION
Greater trochanteric pain syndrome (GTPS), alternatively known as trochanteric bursitis, is a painful condition that commonly affects middle-aged women [1] . It is characterized by pain over the lateral aspect of the hip. Recently the understanding of the nature of the disease has evolved. Gluteal tendinopathy is believed to be the main contributory factor rather than bursal inflammation. There are numerous studies reporting little evidence of bursal inflammation in GTPS but found gluteal tendon tendinopathy more commonly associated with GTPS [1] [2] [3] [4] .
GTPS has also been associated with low back pain, knee osteoarthritis and iliotibial band syndrome. No relation has been found between the occurrence of GTPS and obesity, age or race [5, 6] . Raman et al. suggested that GTPS is commonly misdiagnosed, successfully remediable cause of pain in rheumatoid arthritis (RA) and that specific examination for its presence should be a routine in all patients with RA, especially those with hip pain [7] . Recently Pozzi et al. [8] , evaluated the incidence of GTPS in patients who underwent magnetic resonance arthrography of the hip for a suspected femoroacetabular impingement syndrome.
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GTPS normally settles with conservative treatments such as relative rest and anti-inflammatory medication in the majority of patients [9] [10] [11] . If conservative measures fail then progressively more invasive treatment options including shockwave therapy, corticosteroid injections (CSI), PRP and surgery may be required [12, 13] .
Lately PRP has become very popular among the orthopaedic community as a minimally invasive way of enhancing tissue healing in different conditions including rotator cuff repair [14, 15] , patellar tendinopathy [16, 17] , knee osteoarthritis [18] , lateral epicondylitis [19] , osteochondral lesions of the talus [20] and other orthopaedic conditions. It has been postulated that PRP promotes soft tissue healing by delivering a higher than normal concentration of platelets and therefore increased concentration of platelet derived growth factors to the diseased area [21] . This has been shown in various studies [22] [23] [24] .
The use of PRP in treating GTPS has become more prevalent in recent times. The purpose of this review article is to summarize the existing knowledge on the role of PRP in GTPS.
MATERIALS AND METHODS
A search of NICE healthcare database advanced search (HDAS) via Athens (PubMed, MEDLINE, CINAHL, EMBASE and AMED databases) was conducted from their year of inception to April 2018 with the keywords: 'greater trochanteric pain syndrome' or 'GTPS' or 'gluteus medius' or 'trochanteric bursitis' and '"platelet-rich plasma'.
Broad search keywords were used rather than specific terms to ensure no articles were missed. There was no language limit and all the relevant published articles or abstracts were included. The Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) methodology guidance was employed [25] .
Abstracts from the search were reviewed for relevant articles by two authors (MA and EO). If a decision regarding relevance could not be made from reviewing the title and abstract alone then the full-text article was reviewed with author AM. All the references listed in the relevant articles were also reviewed for any other papers not found in the initial search. Studies were included if they reported clinical, functional and imaging outcomes of patients treated with PRP for GTPS. Due to lack of studies, we did not set a minimum follow-up period. Case reports, reviews, studies on animals and technical notes were excluded.
Once relevant articles were identified, data was extracted using a standardized form for each of the following: Author, year of publication, study design, sample size, demographics, diagnostic test, injection technique, outcome measures and follow-up frequency. RCTs were accompanied by lower quality non-randomized studies. Published conference abstracts were also included due to the paucity of evidence available but reported separately to full-text articles. Due to the heterogeneity of the included data, a meta-analysis could not be conducted, therefore all data was reported descriptively.
Quality assessment
This review utilized the JADAD quality evaluation scale [26] to rank the quality of the included randomized controlled trials. The studies ranked 1-2 points were lowquality studies whereas studies with 3-5 points were highquality studies (Fig. 1) .
The non-RCT studies were assessed using the MINORS score [27] , which serves as a methodological index for non-randomized studies. It has 12 domains for which non-comparative studies use the first 8 domains. Each domain is scored out of 2 with ideal scores being at least 16 for non-comparative studies and 24 for comparative studies. The investigators discussed scores where a more than two-point difference was recorded, until an agreement was reached.
RESULTS

Search results
The search threads used in the NICE HDAS database resulted in 36 articles (Fig. 2) .
Abstracts were manually screened excluding the duplicates then records which were non-clinical/human or unrelated to GTPS or PRP. Reviews, operative technique, small case series (less than 5 patients) and case reports (Fig. 3) were excluded.
Summary of studies
In total, five studies were included for analysis consisting of three RCTs [28] [29] [30] and two case series [31, 32] . We also identified four additional studies from published conference abstracts (one RCT [34] and three case series [33, 35, 36] ).
The full-text articles included 102 hips, with sample sizes ranging from 10 to 40 patients, with a mean age ranging from 48 to 60 years and majority of patients were female ( Table I) .
The conference abstracts included 147 hips, with sample sizes ranging from 10 to 85 patients, with a mean age ranging from 60 to 76.2 years and majority of patients were female (Table II) . The use of platelet-rich plasma in the treatment of greater trochanteric pain syndrome 211 [28, 30, 32] or MRI [28, 29, 31] . In all studies, patients had more than 3 months duration of symptoms and had failed conservative management. The mean follow-up ranged from two months to 19.7 months.
The conference abstracts used MRI and US as diagnostic modalities except in one study by Rajeev et al. [35] . Patients had more than 12 weeks duration of symptoms and failed conservative management. The mean follow-up was reported in three studies [34] [35] [36] to range between 10.2 and 12 months. Table I) .
Outcome measures
The outcome measures utilized in the conference abstracts included the HHS, WOMAC, VAS, EQ-5D, North American Spine Society (NASS) patient satisfaction index, Hip Disability and Osteoarthritis Outcome Scores (HOOS) and Functional Rating Index (FRI) ( Table II) .
PRP INJECTION
The PRP preparation, volume of blood drawn and volume of PRP were poorly documented in all conference abstract. There were different PRP systems used in these studies such as the Zimmer Biomet GPS III, Magellan, Harvest Tech, Fanem Excels II and Arthrex ACP (Tables III and  IV) .
FULL ARTICLE RESULTS
Fitzpatrick's double-blind RCT compared the effect of single US-guided PRP injections with corticosteroid in the treatment of gluteal tendinopathy [28] . Each arm included 40 patients with a mean age of 60 years and mean duration of symptoms of 14 months. Follow-up period intervals were 2, 6 and 12 weeks. PRP demonstrated a significant advantage compared with corticosteroid groups over 12 weeks (mean mHHS 74.05 6 13.92 versus 67.13 6 16.04, respectively, P ¼ 0.048). There were no significant differences between the groups at 2 weeks (mean mHHS, PRP: 65.23 6 11.60 versus corticosteroid: 66.95 6 15.14) or 6 weeks (PRP: 68.79 6 13.33 versus corticosteroid: 69.51 6 14.78). When considering the minimum clinically important difference (MCID), 82% in the PRP group achieved improvement compared to 56.7% in the corticosteroid group (P ¼ 0.016).
Ribeiro et al.'s [29] double-blind randomized prospective comparative study compared the efficacy of US-guided PRP injections against corticosteroid (Triamcinolone) in 20 hips with GTPS. Outcomes were assessed at baseline, 10, 30 and 60 days using the FEPS, HHS and WOMAC questionnaires. Inter-group analysis demonstrated no significant differences between the two treatment arms at any time point with any of the outcome measures. Intra-group comparisons demonstrated significant improvements in the HHS in the corticosteroid group at 10 and 60 days (pre-10 days: mean difference 20.8, P ¼ 0.03; pre-60 days: mean difference 22.3, P ¼ 002) and at each follow-up period for the FEPS (pre-10 days: mean difference 2.1, P ¼ 0.004; pre-30 days: mean difference À2.1, P ¼ 0.004; pre-60 days: mean difference 2.9, P ¼ 0.0001. The PRP group showed no statistical improvement in any of the outcome measures up to 2 months.
In Jacobson et al.'s study [30] The authors reported significant pain score improvements comparing baseline with 1 and 2 weeks follow-up (P < 0.0001) with no difference between the groups (P ¼ 0.1623). At 3 months 71% and 79% improvements in the fenestration and PRP groups respectively, with significant improvements in pain scores in both groups. No significant difference between the treatments were identified (P >.99).
Mautner et al. [31] evaluated the efficacy of US-guided PRP injections in a retrospective cross-sectional study for chronic tendinopathies refractory to conventional treatments in 180 patients. Their main outcome measures were perceived improvement in symptoms at least 6 months after treatment, VAS, functional pain and overall patient [32] reported a prospective case series evaluating the efficacy of US-guided PRP injections with needle tenotomy in GTPS. Their injection method consisted of PRP injection into the tendon followed by needle tenotomy (6-9 passes). The 21 patients included in this series had symptoms longer than 3 months and their symptoms were refractory to other treatments. All participants were assessed at baseline and post-injection with four outcome measures including mHHS, HOS-ADL, HOS-Sport and iHOT-33. 
CONFERENCE ABSTRACTS RESULTS
The conference abstracts included one randomized trial and three case series which were non-peer reviewed and presented limited data but were included in this review to assist when making inferences and drawing conclusions. We found generally that information about PRP preparation, amount of injected PRP and complications following injections were not included.
Blucher et al. [33] reported their prospective single surgeon case series of 85 patients with recalcitrant GTPS to assess whether PRP injections improved their symptoms and to evaluate PRP effects in relation to quality of life and daily activities. Gluteal tendinopathy and trochanteric bursitis were proven radiologically with either MRI or US, however they did not report the relative proportions of either. Pain scores (0-10), EQ-5D Health Domain, HOOS, Utility and VAS scores were collected at baseline and following PRP injection. The duration of symptoms ranged from 3 to 120 months. Twenty percent of patients reported moderate and 78% severe symptoms. Pain scores improved from 8.1 at baseline to 4.6 post-injection (P < 0.0001). Sixty-nine percent of patients reported successful outcomes. Both EQ-5D Utility and EQ-5D VAS scores improved after the PRP injection and the proportion of reported level II (some problems) and III (extreme problems) decreased significantly for each of the EQ-5D dimensions at the last follow-up (P < 0.001). HOOS scores increased significantly (P < 0.01) in all groups after treatment.
Monto R [34] compared US-guided PRP injection with cortisone injection in the treatment of severe cases of GTPS. Forty patients who had failed a minimum of 6 months of conservative treatment were randomized into a two-arm blinded study [35] prospectively assessed the outcomes of PRP injection in a 32 patient case series with severe GTPS following total hip replacement. Patients had a minimum of 6 months of conservative treatment. Using HHS and VAS, patients were evaluated at baseline, 3 months, 6 months and 1 year following PRP injection. The pretreatment HHS were 54 (range 48-60) and VAS was 7.8 (7) (8) . The post-treatment HHS initially improved to 78 (62-84) and VAS of 4.5 (3-5) at 3 months. The HHS after 6 months were 72 (64-80) and VAS 5.4 (5-6). At 1 year,, the HHS dropped to 68 (54-74) and VAS improved 6.7 (5-8).
LaSalle et al.'s [36] abstract retrospectively reported the efficacy of US-guided PRP injections in patients with radiologically (MRI) proven gluteus medius or minimus tears, tendinosis or degeneration. Ten patients had more than 12 weeks unsuccessful conservative treatment. The main outcome measures included VAS, FRI and NASS. The mean duration of pain was 46 months (range 8-120 months) and mean follow-up 10.2 months (range 6-26 months). The mean VAS was 8.10 (SD 1.7) at baseline and 3.8 (SD 2.7) post-injection (P ¼ 0.002). Overall patient satisfaction was 80% (as measured by NASS). Two patients reported no improvement. Of the eight patients who reported improvement, their mean FRI score was 62.4 (out of 100) at baseline and 21.3 six months postinjection (P ¼ 0.001). The average VAS scores among these eight patients were 8.7 (SD 1.1) at baseline and 2.7 (SD 2.1) post-injection.
DISCUSSION
The application of PRP in the management of musculoskeletal conditions has become more prevalent in recent years. The use of PRP in treating tendinopathies has been widely investigated including testing cultures of equine and human tendon cells which show an increase in the types of expression of collagen genes in tendon cell cultures when mixed with PRP [37] [38] [39] . Multiple reviews have been reported summarizing the available evidence and to compare the outcomes of PRP injections with other therapeutic modalities. Arirachakaran et al. [40] performed a systematic review and meta-analysis of randomized controlled trials in order to compare relevant clinical outcomes between the use of PRP, autologous blood and corticosteroids injection in treatment of lateral epicondylitis. They concluded that PRP injection can improve pain and has a lower risk of complications. Considering the application of PRP in the treatment of patellar and Achilles tendinopathy, a systematic review of the literature was performed by Di Matteo et al. in 2015 [41] . Twenty-two studies were included and analysed. All the papers concerning patellar tendinopathy reported positive outcome for PRP, which proved to be superior to other traditional approaches such as shock-wave therapy and dry needling. In the case of Achilles tendinopathy, despite the only RCT available showing no significant clinical difference between PRP and saline solution, there were encouraging findings reported by case series.
Our review illustrates a growing interest in the use of PRP in MSK conditions over the past few years. We identified a small number of RCTs and non-comparative studies reporting the use of PRP in GTPS. This review highlights the interesting conclusions from the included articles to shed light on whether this is an efficacious method of treating this condition. All of the full-text article studies used US guidance for their injections but all used differing PRP systems with differing injection volumes, spinning protocols and reported compositions of PRP. Three studies reported using leukocyte-rich PRP [28, 30, 32] .
The different PRP preparations and the possibility of exerting different therapeutic effects have been previously investigated in vitro. However, the role of leukocytes in PRP has not yet been defined under tendinopathy conditions in vivo [42] . Yan et al. [42] compared the effects of the intratendinous injection of leukocyte-poor PRP (Lp-PRP) versus leukocyte-rich PRP (Lr-PRP) in a rabbit chronic tendinopathy model in vivo. They concluded that Lp-PRP is superior to Lr-PRP as it improves tendon healing and is a preferable option for the clinical treatment of tendinopathy. Another study by Zhou et al. [43] found that while both Lr-PRP and Lp-PRP appear to be safe in inducing the differentiation of tendon stem cells into active tenocytes, Lr-PRP may be disadvantageous to the healing of injured tendons because it produces catabolic and inflammatory effects on tendon cells. Conversely, using Lp-PRP to heal acute tendon injuries, may give rise to excessive scar tissue due to the strong potential of Lp-PRP to cause disproportionate cellular anabolic effects.
Summarizing the full published papers in our review; two of the RCTs concluded that patients with chronic gluteal tendinopathy achieve better clinical outcomes when treated with PRP injection compared with corticosteroid [28, 30] whereas the other RCT found no significant differences [29] . Fitzpatrick et al.'s study was deemed as high quality with the JADDAD score of 5. It was blinded, with a relatively large sample size and reporting of their trial design methodology was robust. At 12 weeks 39 out of 40 in the PRP group were available for analysis. However, the follow-up period was limited at 12 weeks so long-term results are unclear. Jacobsen et al.'s study [30] was a poor quality randomized trial based on a JADAD score of 1. Compared with Ribeiro et al.'s study [29] , slightly more (30 patients) were randomized by Jacobson et al. to compare PRP injection with fenestration. Although the study showed a comparable improvement in the two groups, the authors only measured pain scores and there were no functional outcomes recorded. Furthermore, the study did not demonstrate the longevity of treatment as mean follow-up was 3 months. The Ribeiro study rated as a high-quality randomized trial based on JADAD score of 5. Although the study was randomized and double blinded, the limitations of this study were the small sample size (20 patients) and short duration of follow-up (2 months).
The two case series reported improvements in treating gluteal tendinopathy [31, 32] . Lee et al.'s case series [32] was a high-quality study based on MINORS score. The study showed statistically significant improvement with values that exceeded the MCID. The criticisms of this study were the small sample size, no comparative group and the non-consistency of the post-injection therapy programme among patients. There was little information on the PRP composition. Furthermore, patients had both needle tenotomy and PRP injection, hence the relative effects could not be distinguished. Conversely Mautner et al.'s [31] case series was a poor-quality study based on MINORS score. Although the study was multi-centred, it was retrospective, over-ridden with heterogeneity and the PRP injection methodology was non-uniform. Furthermore, they did not present specific outcome measure values with significance for gluteus medius tendinopathy, forcing us to draw conclusions based on a percentage.
Considering the published abstracts, there is a lack of valuable study information compared with the full published articles therefore the conclusions provided are of low quality and clinical value as the experiments cannot be replicated. All of the abstracts reported good outcomes in treating GTPS with PRP [33] [34] [35] [36] . The randomized study demonstrated PRP to be superior compared with corticosteroid [34] . Although the study was randomized with a modest sample size compared with other reviewed articles, without a full-text article the randomization process and study design could not be evaluated. The main limitation shared by the non-randomized studies outside of being non-peer reviewed were a lack of a control group [33, 35, 36] . Blucher et al.'s [33] study strengths include a large sample size and prospectively collected data. Although the study reported promising results and good outcomes in both subjective and objective scoring, it did not report the follow-up period. Rajeev et al.'s prospective case series did not report the significance of their results or intra-group comparisons [35] . Furthermore, as GTPS may have been secondary to surgery or distortion of biomechanics, the judgement on the efficacy in this study might not be accurate, therefore conclusions are difficult to draw from this article. Lasalle et al.'s study was limited by a small sample size of 10 patients [36] .
CONCLUSION
Our review highlights the lack of adequately powered studies providing high-quality evidence, especially when the global pathology of GTPS is considered. Quite often the pathology may be in the gluteus medius and minimus tendon and not exclusively the bursa, therefore the site of injection needs to be considered. In most of the studies improvements were observed during the first 3 months after injection [28] [29] [30] [31] [32] [33] [34] [35] [36] . Significant improvements were reported when patients were followed up to 12 months post treatment [31, 32] . There are, however, conflicting results between the randomized studies as to whether PRP is superior to corticosteroid. Furthermore, the use of different PRP systems, concentrations and volumes provides heterogeneity when trying to provide comparisons. Varying outcome measures were used to assess pain and functional outcomes with short follow-up and small sample sizes. Considering these factors, PRP seems a viable alternative treatment with the current evidence in patients with GTPS refractory to conservative measures. However due to the limitations in these studies, the definitive role for PRP in managing GTPS is open for debate. We therefore recommend further large-sample and high-quality randomized clinical trials in the future to provide evidence of the efficacy for PRP as a treatment in GTPS.
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